We demonstrate that an ultrathin ridge (< λ/10) can guide Bloch surface waves in a dielectric multilayer. The propagation and polarization properties of the guided modes are investigated with a multi-heterodyne scanning near-field optical microscope.
INTRODUCTION
Surface Electromagnetic Waves (SEWs) are nonradiative waves confined at the interface between two media. SEWs may be generated in periodic, dielectric structures such as multilayers [1] . Due to the periodicity, they are also known as Bloch Surface Waves (BSWs). Although BSWs have been studied for more than thirty years, they have been recently reconsidered as an alternative to Surface Plasmon Polaritons, in particular for sensing applications [2] .
In our study, we demonstrate that a dielectric ridge whose height is smaller than λ/10 may efficiently guide BSWs at the interface of a dielectric multilayer. This structure provides interesting opportunities in waveguide-based sensing applications in which the chemical specificity of the sensor might be implemented by functional molecular layers patterned as waveguides with nanometric thickness.
We use a multi-heterodyne scanning near-field optical microscope (MH-SNOM) to investigate the individual propagation and polarization properties of the three modes sustained by a specific structure. In addition, we show that the basic mechanism that causes the light to be guided in the structure may be viewed as a two-dimensional (2D) total internal reflection based on a 2D Snell's law for BSWs.
II. EXPERIMENT
A schematic view of the investigated structure is shown in Fig. 1 . The multilayer is made of a 10-period stack of silicon nitride layers grown by Plasma Enhanced Chemical Vapor Deposition (PECVD). The refractive index difference between the layers is tuned by varying the concentration of ammonia in the plasma. The bare multilayer is designed to sustain only TEpolarized BSWs [3] .
A polymeric ridge, whose height and width are approximately h = 110 nm and w = 4.5 µm, respectively, is deposited on top of the multilayer.
The MH-SNOM allows the measurement in amplitude and phase of two orthogonal polarization components of the optical near field [3, 4] . In addition, this detection is simultaneously performed for two orthogonally polarized illuminating beams. 
III. MODE PROPAGATION AND POLARIZATION
We first show that the structure is able to guide BSWs [6] . Then we demonstrate the excitation of each of the three modes sustained by the waveguide by choosing the incident wavelength and the polarization.
When a particular mode of the BSW waveguide is excited, a Fourier analysis of one component of the vectorial field along the propagation direction provides the propagation constant of the mode. We thus measure the dispersion relations of the three modes allowed by the structure.
The ability of the MH-SNOM to perform a vectorial detection of the optical field is also exploited to retrieve the polarization properties of the modes, that is, the transverse and longitudinal components of the mode. This task is not trivial since as in any SNOM the path from the probe apex to the detector introduces an unknown orientation of the polarization. The detected polarization (at the detector plane) is therefore a mixture of the transverse and longitudinal components. We introduce a technique based on a priori knowledge of the field distribution and on a numerical treatment of the measured data to retrieve the transverse and longitudinal field components.
As an example, Fig. 2 (a,b) shows the experimental real part of the transverse and longitudinal components of the fundamental mode after data processing. As can be seen, there is a good agreement with the rigorously calculated components (c,d). This procedure is also applied successfully to the first order and second order modes.
IV. 2D SNELL'S LAW FOR BSWS
Although the guiding mechanism of the BSW in the ridge ultimately relies on the separation of the BSW dispersion relations within the ridge and in the bare multilayer, the behavior of the BSW at the edge of the ridge may be interpreted in a more intuitive way.
We send BSWs at different angles of incidence β i onto the straight interface between a coated region of the multilayer and the bare multilayer [7] . After measuring the angle β t of the transmitted BSW, we plot the sine of β t according to the sine of β i , as shown by the black diamonds in Fig. 3 . The solid line expresses the phase matching condition between the BSW state in the bare and coated multilayer. It can be reduced to a simple Snell's law-like equation:
where n 1 and n 2 are the effective indices of the BSW in the bare and coated multilayer. They can be deduced from far-field measurements. When β i exceeds the critical angle β c , the BSW is trapped and guided in the ridge.
This result is of importance because it provides a simple rule aiding in the design of refractive-type structures deposited on top of the multilayer. Reciprocally, it demonstrates that the BSW may be viewed as a 2D phenomenon and that 2D optics may be considered for BSWs at the interface of a multilayer.
V. CONCLUSION
The guiding of BSWs in a dielectric multilayer by means of ultrathin (< λ/10) polymeric ridges is demonstrated. A detailed near-field analysis of the three modes propagating within a particular BSW waveguide is performed. This analysis involves the determination of the propagation and polarization properties of each mode. Finally, we show that the guiding mechanism may be viewed as a total internal reflection based on Snell's law for the BSWs.
